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Abstract 
Glycerol is produced as a major byproduct in a biodiesel production process but has been thrown out as a waste. The 
glycerol byproduct will increase rapidly in amount if the biodiesel commercialization is attainable, so the glycerol 
reforming technology is required to use as a high value product. In the present study, a novel macro-micro channel 
reactor for the glycerol reforming was proposed. The reactor consists of a macro channel for the glycerol reforming 
and micro channels for a catalytic combustion. The macro channel prevents the glycerol reformer from being clogged 
by the carbon formation. The micro channel improves the heat transfer between the glycerol reformer and the 
catalytic combustor. The effect of channel configurations, flow conditions and catalyst properties on the heat transfer 
rate and pressure drop was investigated using a computational fluid dynamics (CFD) analysis. Based on the CFD 
results, the optimal macro-micro channel reactor was manufactured and its performance was evaluated. The macro-
micro channel reactor had a higher glycerol conversion compared to the conventional packed-bed reactor because it 
had a uniform temperature distribution through the reactor. 
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1. Introduction 
Bio-diesel has drawn attention as the substitute for the existing diesel, because it can be produced from 
trans esterification of vegetable oils, animal products, and waste fats. In addition, it is the biodegradable, 
non-toxic, near CO2-neutral, and environmentally beneficial fuel. Furthermore, the bio-diesel has become 
more attractive as an alternative diesel fuel to reduce dependency on fossil fuel imports [1]. 
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Nomenclature 
H  effective porosity of the macro-micro channel containing catalysts 
cL   characteristic length the macro-micro channel 
K     permeability through the macro-micro channel 
 
Recently, crude glycerol, methanol, water, and salt have grown rapidly in production because they are 
byproducts of bio-diesel process. Particularly, glycerol is a major byproduct, which occupies ~10% of the 
total byproducts produced during the bio-diesel process. The increase of bio-diesel production around the 
world has led to the increase of crude glycerol production. Therefore, conversion technology of glycerol 
to high value-added product should be developed. 
The crude glycerol can be directly utilized for the use as a source of hydrogen providing a possible 
solution for the glycerol not to be wasted. Several reforming processes to produce hydrogen from the 
glycerol are available including the steam reforming (STR) and aqueous phase reforming (APR) [2]. The 
glycerol STR is the most primary candidate due to the reaction possible at the ambient pressure and a 
higher selectivity compared to the APR [3]. The glycerol STR is expressed in Eq 1. 
o
3 8 3 2 2 2 298C H O +3H O 3CO +7H , ΔH =122kJ/molo   (1) 
Conventional tubular fixed-bed reformer is supplied with the heat from an external combustor, thus the 
temperature gradient takes place in the radial direction. Therefore, the large-scale reformer is difficult to 
provide a uniform temperature distribution at the entire region of the catalyst-bed. In the present study, a 
flat-type macro-micro (MM) channel reactor was proposed. The MM channel reactor for the glycerol 
reforming was designed and a numerical analysis was performed to predict the temperature distribution 
and pressure drop through the MM channel reactor in the present study. 
2. Macro-Micro Channel Reactor Design 
Schematic of MM channel reactor for the glycerol STR is shown in Fig 1. The reactor consists of a 
macro-channel plate for incorporating the catalyst, two micro-channel plate for the catalytic combustion, 
and upper and lower end-plates. The macro-channel layer is located between two micro-channel layers for 
improvement of heat exchange from the catalytic combustion to the reforming reaction.  
 
Fig. 1. Schematic of the macro-micro channel reactor  
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The single cell is composed of a reforming macro-channel and two combustion micro-channels. The 
structured catalyst for the glycerol reforming is packed into the macro-channel and the combustion 
catalyst is coated on the micro-channel by using a sol-gel method, then the channel is sealed using a laser 
welding. Thus, the sintering of catalysts is negligible so the durability is maintained in as-prepared state. 
3. Numerical Analysis 
3.1. Analysis model and boundary conditions 
Three-dimensional shape of a single cell of the MM channel reactor was modeled by CATIA software. 
The numerical analysis for thermal-fluidic characteristics was performed by ANSYS Fluent commercial 
code. The laminar flow regime in the reactor was assumed in calculation because the reacting flow in the 
channel had a Reynolds number < 100. Thus, the steady incompressible laminar model was assumed.  
 The governing equations of the continuity, momentum conservation, and energy conversion for the 
inertial coordinate system are described. Nickel foam was used as a support for the reforming catalyst in 
this study. The nickel foam matrix had a random porosity that is difficult to be numerically modeled. For 
numerical simplicity, porous media approach was used to model the porous catalyst-bed in the channel. 
The empirical model was used to predict the porosity of the macro-channel that is packed by catalyst 
particles. The flow permeability through the porous catalyst-bed in the channel could be calculated by the 
Ergun constant for satisfying the non-slip condition in the channel was modeled. 
4. Results and Discussion 
4.1. Pressure drop and flow velocity of the MM channel reactor 
The changes in pressure and flow velocity of the MM channel reactor along the flow direction from 
the reactor inlet to the outlet are shown in Fig 2. The gas hourly space velocity (GHSV) varied from 
10,000 to 200,000 h-1. The reactor pressure increased with increasing the GHSV as shown in Fig 2(a). 
The flow velocity increased rapidly at the inlet region where not packed by the catalysts, while it 
decreased dramatically through the porous catalyst-bed as shown in Fig 2(b). In addition, the flow 
velocity increased in direct proportion to the GHSV.  
 
Fig. 2. Numerical analysis results of the MM channel reactor: (a) pressure drop along the flow direction and (d) velocity profile 
along the flow direction 
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Fig. 3. Numerical analysis results of the MM channel reactor: (a) temperature profile along the flow direction and (d) temperature 
distribution inside the channel reactor 
4.2. Temperature distribution of the MM channel reactor 
The temperature drop at the inlet was extended with increasing the GHSV as shown in Fig 3(a). The 
temperature was recovered by 90% of the reforming temperature (800°C) within a half of the channel. 
The macro-micro channel reactor had a higher glycerol conversion compared to the conventional packed-
bed reactor because it had a uniform temperature distribution through the reactor as shown in Fig 3(b). 
5. Conclusion 
In the present study, a MM channel reactor for the glycerol reforming was proposed. The reactor 
consists of a macro-channel for the glycerol reforming and micro-channels for the catalytic combustion. 
The pressure drop, flow velocity, and temperature distribution were investigated using a computational 
fluid dynamics (CFD) analysis. The reactor had a uniform temperature distribution through the reactor at 
the high space velocity > 100,000 h-1.The configuration of the MM channel reactor improved the heat 
transfer between the glycerol reformer and the catalytic combustor. 
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